Background: To make magnetic resonance imaging (MRI) more accessible to men at risk of high-grade prostate cancer (PCa), there is a need for quicker, simpler, and less costly MRI protocols. Objective: To compare the diagnostic performance of monoplanar ("fast" biparametric MRI [bp-MRI]) and triplanar noncontrast bp-MRI with that of the current contrast-enhanced multiparametric MRI (mp-MRI) in the detection of high-grade PCa in biopsy-naïve men. Design, setting, and participants: A prospective, multireader, head-to-head study included 626 biopsy-naïve men, between February 2015 and February 2018. Intervention: Men underwent prebiopsy contrast-enhanced mp-MRI. Prior to biopsy, two blinded expert readers subsequently assessed "fast" bp-MRI, bp-MRI, and mp-MRI. Thereafter, systematic transrectal ultrasound-guided biopsies (SBs) were performed. Men with suspicious mp-MRI (Prostate Imaging Reporting and Data System 3-5 lesions) also underwent MR-in-bore biopsy (MRGB). Outcome measurements and statistical analysis: Primary outcome was the diagnostic performance of each protocol for the detection of high-grade PCa. Secondary outcomes included the difference in biopsy avoidance, detection of low-grade PCa, acquisition times, decision curve analyses, inter-reader agreement, and direct costs. Results from combined MRGB and SB were used as the reference standard. High-grade PCa was defined as grade !2. Results and limitations: Sensitivity for high-grade PCa for all protocols was 95% (180/ 190; 95% confidence interval [CI]: 91-97%). Specificity was 65% (285/436; 95% CI: 61-
1.

Introduction
Multiparametric prostate magnetic resonance imaging (mp-MRI) with subsequent MR-directed biopsy of suspicious lesions has been described to be a useful diagnostic method to detect high-grade prostate cancer (PCa) in men with elevated serum prostate-specific antigen (PSA) levels [1] . Recent studies have shown that mp-MRI can avoid unnecessary prostate biopsy in biopsy-naïve men [2] [3] [4] [5] . Furthermore, in comparison with systematic transrectal ultrasound-guided biopsies (SBs), detection rates of low-grade PCa are lower and those of high-grade PCa are similar or higher [2] [3] [4] [5] .
State-of-the-art full diagnostic mp-MRI of the prostate[ 1 _ T D $ D I F F ] performed according to the Prostate Imaging Reporting and Data System (PI-RADS) v2 guidelines, consists of T2-weighted imaging (T2WI) in three orthogonal planes, and diffusion-weighted imaging (DWI) and dynamic contrastenhanced (DCE) imaging after administration of intravenous contrast material [6] . According to the PI-RADS v2 system, the role of DCE imaging is being reserved for the clarification of equivocal abnormalities in the peripheral zone [6] . The full PI-RADS-compliant protocol is, however, time[ 4 _ T D $ D I F F ] -consuming and costly, and has implementation challenges where MRI accessibility is limited. This may restrict the routine use of MRI as a triage test in men with elevated PSA.
Recent studies suggest that the use of DCE imaging and T2WI in multiple planes does not improve the overall accuracy of MRI [7, 8] . Therefore, short, noncontrast biparametric MRI (bp-MRI; ie, T2WI and DWI) has been suggested to reduce examination time and cost, while retaining sufficient diagnostic accuracy to "rule out" high-grade PCa in biopsy-naïve men [9] [10] [11] [12] [13] . Furthermore, intravenous access and potential gadolinium-based contrast agentrelated toxicities can be prevented [14, 15] . Thus, we conducted a multireader, prospective study to investigate the diagnostic performance of currently used mp-MRI versus noncontrast bp-MRI in three planes (bp-MRI) and in one plane ("fast" bp-MRI) to detect high-grade PCa in biopsy-naïve men.
2.
Patients and methods
Study population
This prospective, multicenter study was performed in accordance with institutional review board requirements and was conducted from February 2015 to February 2018. The full study protocol and results have been described previously [2] . All included patients provided written informed consent. Eligible men were aged 50-75 yr with a PSA value of !3 ng/ml, with no history of prior biopsy. A total of 699 men were referred by general practitioners and were enrolled by urologists from one university center (Radboudumc, Nijmegen, n = 169), two community hospitals (Ziekenhuis Groep Twente, n = 357, and Maasstad
Hospital, Rotterdam, n = 152), and one diagnostic center (Andros Men's Clinic, n = 21; Fig. 1 ).
MRI examination and image analysis
After written consent, patients underwent mp-MRI examinations on 3 Tesla MRI scanners (Magnetom Skyra; Siemens Healthineers, Erlangen, Germany) with pelvic phased-array coils, according to PI-RADS v2 standards [6] .
Multiparametric MRI examination
The mp-MRI protocol consisted of T2WI in three planes, DWI with
, and apparent diffusion coefficient (ADC) map and DCE imaging (Supplementary Table 1 ).
Biparametric MRI and "fast" bp-MRI evaluation
The bp-MRI protocol used the mp-MR images but without DCE imaging (five image sets). The fast bp-MRI evaluation included only axial T2WI, reconstructed axial ADC map, and high b-value images (three image sets).
MRI assessment
Images were prospectively independently analyzed before biopsy by two highly experienced radiologists: J. was not available [6] . After the bp-MRI score was registered (Supple- was assessed and documented [6] . In case of discordance for the mp-MRI readings between the two radiologists, consensus assessment was used for biopsy decisions. Fast bp-MRI and bp-MRI discordances were assessed 1 yr after study finalization, blinded to consensus mp-MRI score and histopathology, without the possibility of post hoc alterations.
MRI findings were classified as suspicious in the presence of a PI-RADS 3-5 lesion and nonsuspicious in case of PI-RADS categories 1-2.
Systematic and targeted biopsy
Men with PI-RADS 3-5 lesions on the mp-MRI examination underwent a two-to four-core in-bore MR-guided biopsy (MRGB) of each suspicious MRI lesion(s). Then, blinded to the MRI findings, a 12-core SB was performed without additional cores targeting hypoechoic lesions, as described previously [2] .
Histopathological examination and high-grade PCa definition
Biopsies were centrally reviewed by a uropathologist, blinded to the initial histopathology and MRI results. In case of PCa, the International Society of Urologic Pathology Grade (G) was assigned [16] . High-grade PCa was defined as any cancer core of G ! 2 (Gleason score !3 + 4).
Results from combined biopsies (MRGB and SB) were used as the reference standard to assess outcomes.
2.5.
Outcome measurements 
Statistical analysis
Characteristics were described using medians and interquartile ranges (IQRs) for continuous variables, and numbers with percentages for categorical variables. In case of multiple lesions, the lesion with the highest PI-RADS score was used as the index lesion. We tested differences in sensitivity and specificity between the reference strategy (mp-MRI) and the other strategies with McNemar's x 2 test. Differences in negative (NPV) and positive (PPV) predictive values were tested using the weighted generalized score method, as described by Kosinski [19] . Associated 95% bias-corrected and accelerated bootstrapped confidence intervals (CIs) were obtained using 5000 replications. We tested between protocol differences in PI-RADS 3 scores using a
Cochrane's Q test followed by pairwise McNemar's tests. Newcombe
CIs for differences of proportions with matched pairs were calculated [20] . DCA for the different MRI protocols, including a conditional PSA density (PSAd)-based biopsy strategy (!0.15 ng/ml/ml) for equivocal (PI-RADS 3) lesions, was performed, using threshold probabilities ranging from 5% to 20% [21] [22] [23] . Additional analyses for PSAd cutoffs of !0.10 and 
0.12 ng/ml/ml were performed. Inter-reader agreement and interprotocol agreement were calculated using Gwet's agreement coefficient (AC) [24] . ACs were interpreted according to the methods described by Landis 
Results
Patient characteristics and MRI results
A total of 699 men were prospectively enrolled; 73 men were excluded for various reasons (Fig. 1) . The final study population consisted of 626 men with a median age of 65 yr (IQR 59-68). Median PSA level was 6.4 ng/ml (IQR 5.0-8.6).
Patients' demographics, baseline characteristics, and MRI findings are listed in Table 1 . Acquisition times for each protocol are provided in Table 2 .
The mp-MRI and bp-MRI protocols were scored as nonsuspicious (PI-RADS 1-2) in 309 (49%) men; for the fast bp-MRI, the lesions were nonsuspicious in 295 (47%) men ( Supplementary Fig. 2 Owing to PI-RADS 3 instead of PI-RADS 1-2 diagnoses, fast bp-MRI would lead to additional biopsies in 2.2% (14/626) of men. Biopsy of these men would result in six additional low-grade PCa and eight biopsies without PCa. Owing to focal-early enhancement on mp-MRI, PI-RADS 3 lesions were "upgraded" to PI-RADS 4 in nine men. There was, however, no change in biopsy strategy for these men, as all PI-RADS 3 lesions underwent MRGB. An overview of MRI and histopathological results for each MRI protocol per 100 men is presented in Fig. 2 .
DCA showed that with biopsy thresholds ranging from 5% to 15%, restricting biopsies to men with suspicious bp-MRI or mp-MRI, had the highest net benefit. At biopsy thresholds ranging from 15% to 20%, a conditional approach using fast bp-MRI with PI-RADS 4-5 or PI-RADS 3 with PSAd !0.15 ng/ml/ml showed the highest net benefit (Fig. 3) . DCA for other PSAd cutoffs (!0.10 and !0.12 ng/ml/ml) per protocol are described in Supplementary Fig. 3 .
Direct cost reduction of the fast bp-MRI and bp-MRI protocols are s143.35 (54%) and s98.95 (37%), respectively, compared with the costs of the mp-MRI protocol (s264.63), bp = biparametric; DCE = dynamic contrast enhanced; DWI = diffusion weighted imaging; mp = multiparametric; MRI = magnetic resonance imaging; T2WI = T2-weighted imaging.
according to Dutch healthcare costs. This was particularly because of shorter scanning time costs (Table 4) .
Inter-reader agreement
The percent agreement between both readers regarding whether to perform a biopsy (PI-RADS 1-2 vs PI-RADS 3-5) was 90% (Gwet's AC = 0.81; 95% CI: 0.76-0.85) for fast bp-MRI and 93% (Gwet's AC = 0.85; 95% CI: 0.81-0.89) for bp-MRI and mp-MRI (Supplementary Table 2 ). The percent agreement between the three protocols per PI-RADS category was 94% (Gwet's AC = 0.92; 95% CI: 0.90-0.94).
Discussion
Compared with SB, prostate MRI has multiple advantages in the detection and localization of high-grade PCa in biopsynaïve men [2] [3] [4] [5] . However, limited capacity of scanners and radiologists for prostate MRI and high costs restrict the use [ Fig. 3 -Decision curve analysis for the detection of high-grade PCa (PSAd !0.15 ng/ml/ml). Decision curve analysis using threshold probabilities ranging from 5% to 20% for the three MRI protocols and additional PSAd-based (!0.15 ng/ml/ml) strategies for PI-RADS 3 lesions. The protocol with the highest net benefit regarding high-grade PCa at a specific threshold probability is clinically most useful. Of note, curves of bp-MRI and mp-MRI for PI-RADS 3-5 are equal. DCA showed that with biopsy thresholds ranging from 5% to 15%, restricting biopsies to men with suspicious bp-MRI or mp-MRI produced the highest net benefit. At biopsy thresholds ranging from 15% to 20%, a conditional approach using "fast" bp-MRI with PI-RADS 4-5 or PI-RADS 3 with PSAd !0.15 ng/ml/ml produced the highest net benefit. Different PSAd cutoffs (!0.10 and >0.12 ng/ml/ml) are shown in Supplementary Fig.  3 . bp = biparametric; mp = multiparametric; DCA = decision curve analysis; MRI = magnetic resonance imaging; PCa = prostate cancer; PI-RADS = Prostate Imaging Reporting and Data System; PSA = prostate-specific antigen; PSAd = PSA density.
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of MRI as a triage test. To our knowledge, this study is the first prospective, multireader, blinded, direct comparison of two different bp-MRI protocols with mp-MRI in biopsynaïve men. The present study showed that MRI acquisition time can substantially be reduced with faster, unenhanced bp-MRI protocols[ 1 _ T D $ D I F F ] while maintaining the advantages of biopsy avoidance without impairing the detection of high-grade PCa. Both bp-MRI protocols had[ 8 _ T D $ D I F F ] a similar diagnostic performance to that of mp-MRI with respect to "ruling out" high-grade PCa. The use of a fast bp-MRI protocol did not result in decreased detection of high-grade PCa. Even though the NPV of fast bp-MRI was lower than that of bp-MRI and mp-MRI, the difference in NPV between protocols is clinically negligible (0.15% [95% CI 0.05-0.31]), and the NPV of "fast" bp-MRI remains high (97%). This is in agreement with two recent studies that prospectively investigated bp-MRI protocols in biopsy-naïve men according to PI-RADS v2 and reported NPVs of 93% and 96% [9, 11] . In contrast to our study, previous bp-MRI studies were either single-reader evaluations, retrospectively conducted or without adherence to the PI-RADS v2 recommendations on image acquisition and readings [6, 12] .
The noncontrast bp-MRI examination time is approximately 13 min, a reduction of 20% compared with mp-MRI. The fast bp-MRI protocol, without coronal and sagittal T2WI planes, can further reduce the acquisition time to 8 min. Although the exact costs of prostate MRI are highly variable between different centers and countries, the available literature estimates a price range between s230 and s855 for mp-MRI [26] [27] [28] [29] . As clinical implementation of fast bp-MRI could save approximately 50%, the total direct costs per MRI examination become s121 in our study. We are aware that direct costs are part of the total costs, and that a gain of direct costs may be reduced by extra costs due to 2.2% more biopsies and detection of 0.96% more lowgrade PCa. Future analyses are needed to define the cost[ 4 _ T D $ D I F F ] -effectiveness of these shorter protocols.
Omitting the coronal and sagittal T2WI planes in "fast" monoplanar bp-MRI makes it more difficult to assign lesions to the zonal region (peripheral or transition zone), as this is crucial to the determination of the final PI-RADS score. This may explain why there is a 75% increase in PI-RADS 3 "equivocal" cases with fast bp-MRI compared with bp-MRI. This is an indicator of increased diagnostic uncertainty resulting in more unnecessary biopsies. However, compared with Obmann et al. [9] (27%) and Boesen et al. [11] (13%), the percentage of PI-RADS 3 cases in this study for both bp-MRI protocols is rather low (7.8% and 11%). This may be a result of the high-quality image acquisition and expert reading of both bp-MRI studies. This emphasizes the need for high-quality standards in image acquisition and standardized reading. However, even though the percentage of PI-RADS 3 cases of bp-MRI is rather low in this study, it is still higher than that obtained with our mp-MRI (6.4%). This potential diagnostic disadvantage can be reduced by [ 1 1 _ T D $ D I F F ] adopting a different biopsy decision strategy: our DCA shows that the highest net benefit can be achieved by restricting biopsies to men with PI-RADS 3 lesions with a PSAd of !0.15 ng/ml/ml.
There are several important features of bp-MRI that facilitate clinical implementation of this technique: (1) intravenous access is not needed, the procedure is completely noninvasive through omitting the contrast media administration, making it suitable also for patients with impaired renal function; (2) patients are not exposed to risks associated with contrast administration, including allergic reactions, intracranial gadolinium deposits, and nephrogenic systemic fibrosis [14, 15] ; and (3) patients are required to lie motionless during the scan; therefore, a substantial shortening of acquisition time will make the MRI examination more tolerable for patients with claustrophobia and could potentially reduce motion artifacts [30] . A potential disadvantage of implementing fast bp-MRI could be high-grade PCa staging. Although in most cases, this is possible by using high-resolution axial T2WI, a minority of patients may have to undergo an additional MRI examination for better local staging. This is a short (10 min) MRI examination, as it consists only of T2WI in two planes. These planes can be added to the MRGB procedure.
Our study is not without limitations. First, the decision that men need to have MRGB was based on the mp-MRI assessment only. In other words, no MRGB histology was retrieved from additional suspicious bp-MRI lesions, scored as nonsuspicious in the mp-MRI assessment. This will, [23, 24] . b Costs for gadolinium-based contrast agent, material, and MRI technologist.
however, not negatively affect the detection of high-grade PCa. Second, our NPV was similar to that reported in other studies comparing nonsuspicious MRI with SB [5, 31] . However, the true diagnostic performance cannot be assessed as we neither have the template mapping biopsy, as was performed in the PROMIS study (NPV of 76% for PCa G !2)[ 1 _ T D $ D I F F ] nor the prostatectomy specimen as the gold standard [4] . Third, the two readers involved in our study were expert readers, with an annual caseload of approximately 1000 prostate MRI examinations per year. These readings were performed only centrally, and peripheral readings were not accounted for in this analysis. In addition, the quality of the images obtained using a state-of-the-art 3 T scanner was optimal. Therefore, our results are not directly applicable to other lower-volume nonexpert centers. The almost-perfect agreement between the protocols suggests that PI-RADS v2 is effective as standardized reporting for bp-MRI and mp-MRI. However, previous studies reported moderate-to-high interobserver variability of PI-RADS v2 [32, 33] . On the contrary, despite the difference in work experience of both readers (5 vs 25 yr), there was an almost perfect inter-reader agreement for all three MRI protocols. For[ 1 2 _ T D $ D I F F ] the clinical implementation of any diagnostic technique, the level of inter-reader variability plays a very important role, reflecting the diagnostic robustness of the technique. Future multicenter studies should investigate the generalizability of inter-reader agreement for community centers.
Finally, the reading of the fast bp-MRI, bp-MRI, and mp-MRI was performed in a set order rather than randomly, which may have introduced a sequential reading bias. However, prostate mp-MRI examinations are read similarly in the "real life": interpretation usually starts with[ 1 3 _ T D $ D I F F ] the reading of the axial DWI and axial T2WI, then using additional planes, and then finally evaluating the DCE images.
Conclusions
In this study, both bp-MRI protocols had an equal[ 2 _ T D $ D I F F ] detection rate of high-grade PCa to mp-MRI. "Fast" bp-MRI can double prostate MRI capacity at lower expenses. This is, however, at the cost of $2% more biopsies and $1% more overdetection of low-grade PCa. In order to implement this technique in nonexpert, low-volume, lower-field-strength scanners, further prospective studies have to be performed.
